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ABSTRACT 
Countries around the world are facing increasing problems related to rapid resource depletion, especially due to a 
reduction in highland agricultural area which affects the country’s economy, society and the environment.The farmers feel 
pressurized to move away from traditional methods of food production in order to improve their economic well-being by 
switching to mono-crops with high retail values. This has also led to social changes in the highland communities as some 
farmers are more successful than others for a variety of reasons. The primary purpose of this study is to research 
agricultural production systems which are both environmentally friendly and capable of providing the farmers and their 
families with food security and an improved standard of living.The study area in Pang Daeng Nai Royal Project 
Extensions collected a sample from 185 households. The input and output prices were an average taken from the three 
years and the data was analyzed by a multiple goal and multi-period programming model. This aimed to optimize resource 
management by considering four objective goals.These were to maximize income, ensure rice sufficiency for the 
household consumption, to minimize chemical costs and to minimize fertilizer costs. The analysis was subject to the 
constraints estimated from household consumption and income levels which were used for the household consumption 
model. The coefficients for the main crop were estimated from the production frontier function and this resulted in a 5 year 
planning framework. The primary results of this analysis indicate that it is possible to reach the optimization goals. For an 
average farm of 17.85 rai, the study suggests that the land should be allocated as follows: 27% for rice cultivation, 46% for 
field crop conservation farming (maize-legume relay-cropping), 11 % for perennial trees (mango), and 17 % for semi-
perennial crops (passion fruit). This production system can generate of 92,600 -101,400 THB per year cash income per 
household. This will produce on average 1,261 kilograms of rice per year per household. By following this optimal land 
use, it could reduce the cost of chemicals and fertilizers by 6,600 -10,200 THB per household per year. If decisions on 
optimal land use are done in highland community, land would be allocated to mix perennial and semi-perennial fruit trees 
including without waste burning from production that the optimized production plan is environmentally sustainable.
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1. Introduction 
Agricultural land use change in the highland areas in the recent past has been characterized by land use 
intensification, a shortened fallow period and the shift to the production of high income cash crops by transforming 
the traditional subsistence farming system into a mono-cropping pattern for commercial and household cash income 
interests (Praneetvatakul and Sirijinda, 2005).  In particular, mono-cropping of maize has become more prevalent as 
the secured market and the attractive price for maize included in the farm income guarantee policy have encouraged 
the highland farmers to expand their maize growing area into empty spaces in the foothills (Office of Agricultural 
Economics, 2012). The change to farming systems for markets have also caused farmers to depend more on external 
inputs such as agro-chemicals for pest control and have led to an expansion of agricultural land.  The total of 7.25 
million rai of agricultural land in the 2010/11 crop year was a 2.11% increase from the 7.10 million rai level in 
2009/10.  The expansion of farming areas was at the expense of forest land and has resulted in a growing trend of 
landslides in sloping areas as well as air pollution from smoke when farm fields are burnt. This trend of agricultural 
land use change and the resulting consequences were clearly observed in the village communities in the operational 
area of Pang Daeng Nai Royal Project’s Achivements Extension Project.  The highland farmers there have 
transformed their swidden agricultural fields that once provided them with diverse food and income sources into 
permanent farming areas for maize cultivation.  Their present farming objectives are to generate cash income and to 
lessen the extent of food crop production for home consumption as is evident from the 40% increase in the maize 
area and the 38.86% decrease in the rice area (Land Development Department, 2010).  To maximize returns and 
profit from cash crop cultivation, farmers have to use more resources in terms of production inputs and technology 
such as chemical fertilizers and other agro-chemicals to increase agricultural efficiency and productivity.  The use of 
such ‘modern’ agricultural inputs and technology however, has been resulted in problems such as chemical 
contamination in soil and water and deteriorating soil fertility. Meanwhile, the limited natural resources and 
production inputs have been exploited to the point of decline leading to degrading environmental conditions. These 
tendencies are likely to lead to the livelihoods of the local rural households becoming unsustainable as far as farm 
production planning in terms of land resource and production inputs utilization remain economically unviable and 
inefficient as well as environmentally harmful.  Consequently, the present study has the objective to design 
agricultural production plans for highland farming households that can answer the need for food security and the 
adequate income for a decent livelihood and which at the same time can minimize the use of chemical inputs as well 
as environmental impacts. 
From the review of the literature, it was evident that in planning any production systems for sustainable 
agriculture under different resource conditions and community contexts, there is a need to take into account the 
technically and economically efficient production activities, self-reliant household food security, diversity of 
cropping systems in the short term and long term for subsistence and market purposes, and the avoidance of
environmentally destructive and resource-depleting activities.  In general, the planned farming undertakings are to 
serve various household interests or objectives, perhaps in terms of income, food sources, restoration of soil fertility 
and land use security.  However, household net income is often the primary objective of agricultural undertakings 
given a set of constraints including land, capital, labor, the need for household rice sufficiency and worthwhile 
utilization of existing resources as indicated in the works of Majake and Majake (2010), Chaiwinit (2009), and 
Praneetvatakul and Sirijinda (2005). There are multi-objectives in planning a farming system in which the 
appropriate production options have to be bounded by the existing needs, conditions, and constraints.  In a situation 
where there are many potential solutions and options for more than one production objective, there will be conflicts 
between or among various objectives. Charnes and Cooper (1961) proposed a goal programming technique to 
handle the multiple and conflicting objective problems in the selection of optimal options.  Blancas et al (2010) 
remarked that this procedure was well known in the field of operations research as well being useful for the 
development of an efficient model for determining the target values which are achievable to satisfy various 
objectives. The aim of using a model containing multiple objectives is to minimize the deviations between the target 
values of various objectives and for comparison with the realized results until the best results can be achieved given 
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the existing constraints. Multiple Goals Linear Programming (MGLP) technique has been applied for the purpose of 
sustainable agricultural land use planning which needs to take into account many objectives related to economic, 
environmental, and social dimensions, such as in the works conducted by Zander and Kachele (1999), Lu et al. 
(2004), and Ekasingh et al. (2010).  Furthermore, another variant of GP namely the dynamic Multi-period Linear 
Programming model is of great help for planning a farming system that incorporates a variety of annual crops and 
perennial fruit trees with varying productive periods, maturity and farming related activities. These applications can 
be seen in the work by Wiboonponse et al. (1992).   
2. Research methodology 
The study area is in Pang Daeng Nai Royal Project Extensions, Chiangdao sub-district, Chiangdao district, 
Chiang Mai province. Samples were collected from 185 households through questionnaires and group discussions. 
The areas under the operational responsibility included 5 villages, 340 households and 1,880 people.  These 
communities are located in upland areas and are dependent on rainfed conditions.  People in these communities used 
to practice rotation cropping and there are areas that have more than one ethnic group. About one-third of them 
(35.14%) were Daraang or Palong followed by Karen (22.70%), Arkha (14.59%), Lisu (14.05%) and Lahu (13.51%) 
respectively. The data was analyzed by a multiple goal and multi-period programming model and this resulted in a 5 
years planning framework. 
Model description: the model is designed with weighted goal programming (Praneetvatakul and Sirijinda 
(2005), Chaiwinit (2009). The determining of the weighted objective value (wg) of the model is done by the farmers 
and community leaders to weigh the priority of each goal including the indicators for each of the goals by using  
Simple Additive Weighting  (SAW) as a tool to analyze the weighting, Malczewski (1999). High weights were 
given to objective to achieve rice for consumption, to maximum cash income, to minimize of pesticide costs and to 
minimize of fertilizer costs respectively (Table 1). 
Table 1 Objective ,weights and target value of model 
Objective  Unit       Weight  (wg) Target value
to be achieved
Maximization of cash income    baht/rai 0.28 CG
Maximization of  rice for consumption   kg 0.37 RG
Minimization of  pesticide costs   baht/rai 0.175 PG
Minimization of  fertilizer costs    baht/rai 0.175 FG
Note: 1 rai=0.16 hectare 
The objective function of weighted goal programming is to minimize the deviational variables . The model 
contained four target goals, namely to maximum cash income, achieve rice consumption sufficiency, to minimize 
chemical inputs costs and to minimize fertilizer costs. The equation formula is as follows:
min  = (  wg1 d- g1 + wg2 d- g2 - wg3 d+g3 - wg4 d+g4) 
Where  represents the weight of the gth goal and  and  are the negative and positive deviations of the gth 
goal. While CG is the achievable goal  level of cash income from crop activities. RG is the achievable goal  level of 
rice for local consumption. PG and FG are the achievable goal  level of pesticide costs and fertilizer costs  
respectively. 
There are 98 activities in the model consisting of crop activities, sales from crop activities, rice consumption 
activities, off-farm activities, hired labor activities, expenditure consumption activities, loan and payback loan 
activities, transfer income and capital activities, and negative and positive deviational variables activities.
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There are 79  constraints function in the model consisting of land (8,910 rai/year), labor  (218,620 man-
days/year), maximum limit of hired labor, capital (11,526,000 baht/year), maximum limit of loan supply , output 
transfer, lower limit of rice consumption (413-446 kg/year)† and the lower limit of expenditure consumption (10.09 -
10.85 million baht /year)‡.
Input and output coefficients analysis were from the average input and output prices taken from the three years 
between 2010/11 and 2012/13 and the coefficients for the main crop were estimated from the production function
(Table 2).
Table 2  Coefficients of function  
Crop type Productivity 
(kg/rai) 
Price
(baht/kg)
Cash income 
(baht/rai) 
Cost of chemicals 
and fertilizers 
(baht/rai) 
Working labour 
(man-day/rai) 
Upland rice 296.18  12.84 2,328.67 678.75 11.01 
Maize 575.48  6.61 1,884.87 731.08 5.98 
Red bean 115.28  18.00 2,480.66 201.27 4.46 
Passion fruit 550.00  35.00 11,003.35 1,250.00 20.83 
Mango 852.08  15.00 5,814.00 1,400.00 11.33 
Note: 1 rai=0.16 hectare 
The analysis model  has two steps: 1)  to analyze  the basic model  (model 1) whose single objective to maximum 
cash income by a linear programing technique  and 2) to analyze the multiple goal model  with equal weighted goals 
(model 2)and the SAW weighted goal (model 3) by goal programming .  
3. Results and discussions   
3.1. Basic production model analysis 
The basic model (model 1) for farming in the village communities under study is a linear programming one to 
maximize cash income as the farm household production objective given locally limited land, labor and capital 
resources.  The optimal production solutions, if followed, would enable the all the communities to collectively 
obtain 183,328,368 baht income in five years or an average of 107,840 baht income per household per year. To 
achieve these ends, the total village agricultural land must be allocated as followed: 28,882.47 rai for maize, 
7,541.28 rai for upland rice, and 2,830.98 rai for sweet passion fruit tree cultivation (Fig. 1). The upland rice 
production would provide 429 tons of rice each year for local consumption (or 1,263 kilograms per year per 
household).  Such optimal farming plans also involve the input costs per year for agro-chemicals and fertilizers at 
3.78 million baht and 12.06 million baht respectively for the whole village or 11,112 baht and 35,466 baht 
respectively (Fig. 2(b),(c)) for each household each year which are rather high compared to other farming households 
in northern Thailand that spend 7,224 baht for pesticides and 14,162 baht for chemical fertilizers per household per 
year (Table 3). 
3.2. Multi-objective production model analysis 
A multi-objective variant of the goal programming model was applied both for optimizing all the objectives 
which were given an equal weight (wg) of 0.25 (model 2) and for optimizing the goals with the weights (wg) being 
† Estimate from demand of rice consumption 300 kg/person/year  (Rojanasoonthon et al. , 2005)
‡ Estimate from consumption function by household size and income in that year , C =  2,578.12 + 6,695 WFS 
+0.331 Income (Wiboonpongse and  Sriboonchitta,1992)
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attached to rice output, income, agro-chemical cost and chemical fertilizer costs at 0.37, 0.28, 0.175, and 0.175, 
respectively (model 3) for simultaneous achievements of all objectives.  The results are presented below. 
Model 2: Following the optimal programming solutions, the village communities could get 34.48 million baht or 
101,415 baht cash income per household each year over a five-year period from the multi-objective farming plan. 
This would be achievable with a land allocation of 3,417.45 rai for maize, 7,290.13 rai for upland rice, 9,135.54 rai 
for red kidney beans, 2,913.75 rai for mango trees and 5,709.86 rai for sweet passion fruit tree cultivation (Fig. 1). 
Under this farming plan, the combined village communities could have 429 tons of upland rice output for local 
consumption each year (or 1,261 kilograms per household per year) while allowing for input costs for agro-
chemicals and fertilizers of 1.84 million baht and 8.58 million baht respectively per year (or 5,416 baht and 25,258 
baht respectively per year per household) (Figure 2(b) ,(c)) which are lower than the levels in model 1 by 60% and 
15 % respectively.  When compared with other farming households in northern Thailand, farmers in this model will 
incur relatively lower chemical costs but higher fertilizer costs, (Table 3). 
Model 3: It is possible for the village communities to earn an average cash income of 32.86 million baht per year 
for five years, or 92,647 baht per year per household if the solutions from weighted goal programming procedure are 
taken in practice.  This will involve the allocation of total village farm land into 2,896.11 rai for maize, 7,541.28 rai 
for upland rice, 9.270.72 rai for red kidney beans, 1,704.01 rai for mango trees and 5,709.86 rai for sweet passion 
fruit tree cultivation (Fig. 1).  The rice output would be 429 tons per year for local consumption (or 1,261 kilograms 
available for each household).  This farming model would have total input costs for agro-chemicals and fertilizers of 
1.51 million baht and 10.22 million baht respectively per year (or 4,441 baht and 30,047 baht respectively per year 
per household) (Fig. 2(b), (c)) which are 51 % and 29 % lower than the levels in model 1.  In comparison with other 
farmers in the North, farmers in this model will incur relatively lower chemical costs but higher fertilizer costs just 
like the case of model 2, (Table 3). 
Table 3 Basic model and multiple goal model    
Item Basic model 
(Model 1)
 
The multi-objective model  
Equal  weight  
(Model 2)
The multi-objective model  
Saw  weight  
(Model 3) 
Optimal  solution    
Upland rice (rai) 7,541.28 (19.21%) 7,290.00 (26.75%) 7,541.28 (27.81%) 
Maize (rai) 25,433.00 (64.79%) 3,417.41 (12.54%) 2,896.11 (10.68%) 
Red beans (rai) 3,499.47 (8.79%) 9,135.56 (33.52%) 9,270.72 (34.18%) 
Passion fruit (rai) 810.58 (2.06%) 4,500.12 (16.51%) 5,709.86 (21.05%) 
Mango (rai) 2,020.40 (5.15%) 2,913.75 (10.69%) 1,704.01 (6.28%) 
Constraints    
Land (rai) 39,254.73 27,121.98 27,256.98 
Labor in the household  (man-days) 262,349.93 163,388.30 185,315.22 
Labor employment   (man-days) 409,579.56 276,782.32 227,008.39 
Own investment (baht) 24,169,912.00 11,526,000.00 11,526,000.00 
Loans (baht) 30,600,000.00 40,800,000.00 35,268,792.96 
expenditure consumption (baht) 69,413,438.72 64,945,772.00 64,029,903.03 
Goal constraints    
Cash income baht  :  CG 183,328,368.20 172,406,684.81 164,300,300.69 
Pesticide cost baht  :  PG 18,891,254.86 9,207,444.70 7,550,346.36 
Fertilizer cost baht  :  FG 60,292,789.80 42,938,042.72 51,080,676.28 
Rice for consumption ton  :  RG 2,147 2,142 2,144 
Note: 1 rai=0.16 hectare 
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Fig. 1.  Optimal solutions of land allocated  for model 1 , model 2  and model 3   (unit : rai)
                                         (a) (b)
(c) (d)
Fig. 2. Optimal solutions of contained four target goals, (a) to maximum cash income ,(b) to minimize pesticide  costs ,(c) to minimize fertilizer 
costs  and (d) to maximum rice for consumption  
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3.3.  Compare the solutions of each model  
By comparing the solutions from the three models, the average cash income per household obtained from models 
2 and 3 are quite comparable to that from model 1. When taking into account the minimum subsistence expenditure 
per household which form a constraint function with the values of 37,664 baht for model 2 and 40,831 baht for 
model 3. Farm households in model 2 will have an effective household income of 139,080 baht while the 
corresponding figure in model 3 is 137,478 baht.  Apparently, model 2 and model 3 would provide a household 
income lower than the reported income for basic consumption from the field survey which was 139,562.16 baht per 
year per household.  However, the income would be sufficient for household expenditure. Moreover, model 2 and 
model 3 dictates a rather large proportion of village agricultural land for the cultivation of red kidney beans which is 
instrumental for soil fertility restoration while stressing the primary dependence on internal resources particular 
household labor and financial capital.
By comparing the objective goals achieved in the model 2 (Equal weight) and model 3 (SAW weight). Similarly, 
model 2 has the highest value for the objective goal achieved for rice followed by that for cash income while those 
for agro-chemicals and fertilizers were greater than 50%, in the 58 – 74% range. Model 3 as well has the highest 
value for the objective goal achieved for rice followed by that for cash income while those for agro-chemicals and 
fertilizers were greater than 50%, specifically in 50-79% range (Fig. 3). Therefore, the solutions from model 1 
suggest the opportunity to achieve the two objectives of securing rice for subsistence consumption and the desired 
cash income while the farming plans according to models 2 and 3 are likely to make all four objectives feasible.
   Fig. 3.    Comparing the objective goals achieved in the model 2 (Equal weight) and model 3 (SAW weight).
4. Conclusion and suggestions   
The findings from the present study can form the guidelines for advising farmers to plan their farming systems 
according to models 2 and 3 as the production outcomes can satisfy their multiple objectives and needs rather than 
to plan on the basis of the single objective of maximizing cash income. The study suggests that the land should be 
allocated as follows:  27% for rice cultivation, 46% for field crop conservation farming (maize-legume relay-
cropping), 11% for perennial trees (mango), and 17% for semi-perennial crops (passion fruit). To increase the 
various sources of income, the model should also encourage off-farm work such as animal and poultry husbandry 
together with the use of non-timber forest products and handicrafts for both personal use and sale. Because there 
will be extra sources of income, households will have an increased sense of income and food security as well as 
increased sustainability. This suggests policy implications that can be practiced by the increased efficiency of rice 
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production in the area. There should more support and promotion of food source production in the community and 
the development of a community food bank should be encouraged and there should be increased education regarding 
the appropriate use of chemicals and fertilizers. Finally, there should be increased education regarding the benefits 
of perennial fruit trees and their suitability for each area to reduce the monoculture farming area that impacts the 
environment of the highlands.  
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